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1. Static Analysis1. Static Analysisyy

・・The Software GAMES is comparedThe Software GAMES is compared with BISARwith BISAR
11--1. Cylindrical coordinates1. Cylindrical coordinates

The Software GAMES is comparedThe Software GAMES is compared with BISARwith BISAR
11--2. Cartesian coordinates2. Cartesian coordinates

・・The uniform loads over a rectangular area and aThe uniform loads over a rectangular area and a

2 Dynamic Analysis2 Dynamic Analysis

・・The uniform loads over a rectangular area and a The uniform loads over a rectangular area and a 
circular area are comparedcircular area are compared

2. Dynamic Analysis2. Dynamic Analysis
Wave propagation in viscoelasticWave propagation in viscoelastic multilayered mediamultilayered media

・・The responses from the solutions are comparedThe responses from the solutions are compared
with the results of ADINA with the results of ADINA 

3 B k l l i3 B k l l i
Dynamic backcalculationDynamic backcalculation

3. Backcalculation3. Backcalculation
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1. Static Analysis1. Static Analysis in Cylindrical Coordinatesin Cylindrical Coordinatesyy yy
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Uniformly distributed circular load

vertical + horizontal 
Vertical load Horizontal load loads

surface
Base

Subgrade
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Features of GAMES

Pavement: Multilayer pavement system y y
with a possibility of interface slip.

Surface load: Multiple vertical and/or 
horizontal circular loads.horizontal circular loads.

Analysis: Multiple points of interest.Analysis: Multiple points of interest.

Response: Stresses, strains, andResponse: Stresses, strains, and  
displacements
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1. Static Analysis1. Static Analysisyy

2a = 30cm
GAMES vs BISAR

Q = 49kN

2a  30cm
θ = -30°

Xν = 0 35 X
θ = 30°

ν1 = 0.35 E1 = 2500MPa

Y
ν2 = 0.35 E２ = 280MPa

ν3 = 0.4 E3 = 50MPa
Z
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1. Static Analysis1. Static Analysisyy
GAMES vs BISAR

~ Distribution of horizontal displacement ux ~ Distribution of horizontal displacement, ux  
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1. Static Analysis1. Static Analysisyy
GAMES vs BISAR

~ Distribution of horizontal Stress σx ~

-0 4 -0 2 0 0 2 0 4 0 6 0 8
σ x (MPa)

 Distribution of horizontal Stress, σx  
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1. Static Analysis1. Static Analysisyy
GAMES vs BISAR

~ Distribution of Vertical Stress σz ~ Distribution of Vertical Stress, σz  

0 0.05 0.1 0.15 0.2 0.25
σ z (MPa)

0
1010
20(c

m
)

30
40ep

th
 

GAMES40
50

 d GAMES
BISAR

No.9

60
6th ICPT July 20-23 2008 Sapporo Japan



Interface Slip ModelsInterface Slip ModelsInterface Slip ModelsInterface Slip Models
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GAMES vs BISAR (Interface slip)
~ Distribution of radial displacement, u ~
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GAMES vs BISAR (Interface slip)
~ Distribution of vertical displacement, w ~

w (cm)
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GAMES for Windows (graphics)
F t~ Features ~

Language: Japanese / EnglishLanguage: Japanese / English

Unit of measurement: Load (kgf, kN), LengthUnit of measurement: Load (kgf, kN), Length 
(cm), Elastic modulus (kgf/cm2, MPa)

Input: Input of new parameters or import from 
existing fileexisting file

Output： analytical results and graphicsOutput： analytical results and graphics 
visualization (contour and color fill plots) of 
strainstrain
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GAMES for Windows
t t i d~ start-up window ~
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GAMES for Windows
i t i d~ input window ~
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GAMES for Windows
i t i d~ input window ~
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GAMES for Windows
t t i d~ output window ~
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GAMES for Windows
i t i d~ input window ~

6th ICPT July 20-23 2008 Sapporo Japan No.18



GAMES for Windows
i t i d~ input window ~
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GAMES for Windows
t t i d~ output window ~
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Summary and recommendations
Computational accuracy of GAMES

Accuracy of GAMES is similar to and inAccuracy of GAMES is similar to and in 
some cases better than BISAR.

User interface and visualization process
I ffi i i th f GAMESImproves efficiency in the use of GAMES 
and assists users to visualize distribution 
of pavement responses.

ApplicationApplication
GAMES can be used for analysis, 

l ti d d i f tevaluation and design of pavements.
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Dual Tire Footprints by SIM (Stress In Dual Tire Footprints by SIM (Stress In 
Motion)Motion)Motion)Motion)

(measured at CSIR, South Africa)(measured at CSIR, South Africa)

30 kN & 420 kPa 
inflation pressure

70 kN & 420 kPa 
inflation pressurep
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Contact pressure  measured by SIM (provided by Prof. Morris De Beer)
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Contact pressure  measured by SIM (provided by Prof. Morris De Beer)
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Contact pressure  measured by SIM (provided by Prof. Morris De Beer)
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1. Static Analysis1. Static Analysis in the Cartesian Coordinatein the Cartesian Coordinate
x
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Method of SolutionMethod of SolutionMethod of SolutionMethod of Solution

NeuberNeuber--Papkovich RepresentationPapkovich Representation
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1. Static Analysis 1. Static Analysis yy
Rectangular Area vs Circular Area

L6.0L6.0L3.0
L4079.0

L8712.0L

Dimension of tire contact area
(a) Actual Area (b) Equivalent Area

cm6.162 =b

Y

X
6cm16cm1
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X
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2cm2.401=A2cm2.401=A
2cm4.8022 =A
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1. Static Analysis 1. Static Analysis yy
Rectangular Area vs Circular Area

X

kN49=zP
Loading area

X
2cm4.802=A

cm151 =h MPa50001 =E
53.01 =ν

Young's modulus
Poisson's ratio

cm151 =h MPa50001 =E
53.01 =ν

Young's modulus
Poisson's ratio

cm352 =h
MPa4002 =EYoung's modulus

P i ' icm352 =h
MPa4002 =EY Young's modulus

P i ' i

Bottom of first layer 

cm352 =h 53.02 =νPoisson's ratiocm352 =h 53.02 =νPoisson's ratio
Top of subgrade layer

Z
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Young's modulus
Poisson's ratio

Z
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Young's modulus
Poisson's ratio
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1. Static Analysis 1. Static Analysis 
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NonNon uniform Surface Loadinguniform Surface LoadingNonNon--uniform Surface Loadinguniform Surface Loading

b2 b2
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X direction
Y-direction
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Dynamic Analysis ofDynamic Analysis of 
Pavement Structure
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2. Dynamic Analysis2. Dynamic Analysisy yy y
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2. Dynamic Analysis2. Dynamic Analysis
E

y yy y

・・ Kelvin ModelKelvin Model
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2. Dynamic Analysis2. Dynamic Analysis
WaveWave--PavePave, DynaDyna--Pave vs. ADINAPave vs. ADINA

y yy y

2 kN)20t(sin49 2 π=zP
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2. Dynamic Analysis2. Dynamic Analysisy yy y
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SummarySummarySummarySummary

Dynamic analysis with Dynamic analysis with stiffness stiffness 
proportional dampingproportional damping is equivalent to is equivalent to p p p gp p p g qq
dynamic analysis with dynamic analysis with the Kelvin modelthe Kelvin model
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2. Dynamic Analysis2. Dynamic Analysisy yy y
・・ WaveWave--PavePave
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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・・ WaveWave--PavePave uz ur
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Dynamic Backcalculation
D-BALM (FEM)

W BALM( W P )W-BALM( Wave-Pave)

BALM: Static Backcalculation
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BackcalculationBackcalculationBackcalculationBackcalculation
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National Institute for Land and Infrastructure National Institute for Land and Infrastructure 
Management (NILIM) in JapanManagement (NILIM) in Japan

Same Size as Landing Gear of B747-400
Max. Running Speed : 5km/h
M L d 1200kNMax. Load : 1200kN
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Experimental Pavements (Plan)Experimental Pavements (Plan)
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Experimental Pavements (Section)Experimental Pavements (Section)
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Accelerated Loading TestAccelerated Loading Test
Test ConditionTest Condition
Running Speed : 5km/h
Load : 910kN
Load Repetition : 10,000 times

Measurement Item
Dynamic Vertical Displacement
Dynamic Soil Pressure

Laser Displacement Metersp

Aircraft Load Simulator
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Backcalculated Results E1&C1Backcalculated Results E1&C1Backcalculated Results E1&C1Backcalculated Results E1&C1
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Backcalculated Results E2&C2Backcalculated Results E2&C2Backcalculated Results E2&C2Backcalculated Results E2&C2
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Backcalculated Results E3&C3Backcalculated Results E3&C3Backcalculated Results E3&C3Backcalculated Results E3&C3
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Incorporated Administrative Agency Incorporated Administrative Agency 
Public Works Research InstitutePublic Works Research Institute

Civil Engineering Research Institute for Cold Region Civil Engineering Research Institute for Cold Region 
(CERI)(CERI)
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CERI Field Test SiteCERI Field Test SiteCERI Field Test SiteCERI Field Test Site
WakkanaiWakkanai
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City of WakkanaiCity of WakkanaiCity of WakkanaiCity of Wakkanai
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Pavement Cross SectionsPavement Cross Sections
注意：各工区の舗装厚は、ひずみセンサー設置位置における数値である。

P=1870 実試験施工区間延長 L=436.5m

４工区 ５工区 ６工区 ７工区 交差点 ３工区 ２工区 １工区
L=80.0 L=80.0 L=80.0 L=80.0 L=10.0 L=30.0 L=6.5 L=30.0 L=10.0 L=30.0

TA法による設計 多層弾性理論 TA法による設計 多層弾性理論 多層弾性理論 多層弾性理論（３年設計） 多層弾性理論
20年設計 ２０年設計 20年設計 ２０年設計 ２５年設計 TA法による設計４年設計 １年設計
信頼性90% 信頼性90% 信頼性90% 信頼性90% 信頼性50% 信頼性50% 信頼性50%

Sec.No.7 Sec.No.3 Sec.No.2Sec.No.4 Sec.No.1Sec.No.5 Sec.No.6

信頼性90% 信頼性90% 信頼性90% 信頼性90% 信頼性50% 信頼性50% 信頼性50%

表層 表層 表層 表層
中間層 中間層 中間層 中間層

ｱｽﾌｧﾙﾄ安定処理 基層 基層 基層
密粒度アスコン ｱｽﾌｧﾙﾄ安定処理 ｱｽﾌｧﾙﾄ安定処理

ｱｽﾌｧﾙﾄ安定処理 ｱｽﾌｧﾙﾄ安定処理

             表層表層
密粒度アスコン ｱｽﾌｧﾙﾄ安定処理

表層

路盤（40mm級） 路盤（40mm級） 路盤（40mm級） 路盤（40mm級） 路盤（40mm級） 路盤（40mm級） 路盤（40mm級）

路床 路床 路床 路床
路床 路床路床 路床

路床
基盤（ベットロック）

As層厚（cm） 16.0 23.0 32.3 32.5 11.1 10.7 10.3
路盤厚（cm） 100.0 62.6 52.7 51.5 70.9 77.3 72.7
路床路床厚（cm） 275.0 200.0 154.0 140.0 190.0 210.0 210.0
ベットロック
舗装厚 116.0 85.6 85.0 84.0 82.0 88.0 83.0

測点 P=1870～1950 P=2080～2160 P=2160～2240 P=2240～2320
P=2483.5
～2493.5 P=2493.5～2523.5

P=2523.5
～2530 P=2530～2560

P=2560～
2570 P=2570～2600

延長 L=80 L=80 L=80 L=80 L=10 L=30 L=6 5 L=30 L=10 L=30

　　岩盤（風化泥岩）

延長 L=80 L=80 L=80 L=80 L=10 L=30 L=6.5 L=30 L=10 L=30

※As層厚および路盤厚は、㈱ウオールナットさんの実測値を使用した。　ただし、センサー設置位置は路盤上部が多少下がっていると
　予想して、路線調査におけるセンサー設置測点の舗装厚から、センサー位置JustにおけるAs層厚を差し引いたものを路盤厚とした。
※路床厚は調査で測定できなかったことから、従来どおり地質断面図から推定した。
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FWD TestFWD TestFWD TestFWD Test

National highway 238 (test site)
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Truck Loading TestTruck Loading TestTruck Loading TestTruck Loading Test
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Position of FWD Loading PlatePosition of FWD Loading Plate

Loading plate
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Questions ?Questions ?
GAMES can be downloaded from

htt // t i l b l / i

http://www.jsce.or.jp/committee/pavement/downloads/

http://matsui.labo.googlepages.com/games_win.eng

Thank you !Thank you !Thank you !Thank you !
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Pavement ProfilesPavement ProfilesPavement ProfilesPavement Profiles
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1. Static Analysis1. Static Analysisyy
GAMES vs BISAR

~ Distribution of shearing stress txz ~ Distribution of shearing stress, txz  
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1. Static Analysis 1. Static Analysis cm2.332 =b
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1. Static Analysis 1. Static Analysis cm2.332 =b
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Back-calculation700
 Back calculation
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